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Mota-'on the. Design of a pilotless" Target Aircraft- -\   '     T"' 

:-'-'M '. '"'.,'   •• ••:'• •- -: •»   •'•••>' 
,' F« Saith, H.A.   . '. i •    •   '-•-..'._•':!-' 

R.A.E. fief; . Aero.i44.7R/i59 

SUMMARY.   ' •"'...'..,   .-    .'.. 

Simplified calculations, for a high speed pilotless' targe* aircraft 
using either'a gas. turbine or ixipulso tluot  jet propulsion unit axe given. 
Variation of wing ioaaing and endurance are considered.      The gas turbino 
is shown to be a better all-round engine than the inpulste duot, v/hioh 
is a relative)^ ineffioient engine. •     '   '        '. 

A typioal design.of airoraft using a gas turbine engine and having 
a~top .speed of 550jn.p.h., take-off wing loading of 60 Ib./sq.ft. and 
wing^area-of 5° ft2 has tho following oharabteristicst- 

Take-off speed '    . 140 u.p.h, 
Ground level endurance (füll throttle) - 1.05 hrs. 
20,000 ft, onduranoe (full throttlo) _ , JL.85 hrs. 
20,000 ft. tanxiiaun endurance (at 210 a.p.h.) 3.5 hrs.' 
Wing loading, .fuel gone ... * 23,lb./sq.ft. 
Absolute oeiling " • 45*000 ft. 
Rate of olirib' 5900 ft./min. 
Thrust, ground level at 300 n.p.«h..   - -— —-990 lb. 

Weight analysis           '   .'•• _—'•?'''£&£ 
Structure             ... '   . ..'•,, ' ••••iifd-'' •   750 1b. 
Controls         ".„..   '.'•' 100 lb. 
Engine             .-• 600 lb. 

.- fuel 1550 lb. 
All-up .weight 3000 1b, 

The.aircraft ban be scaled up or down in pise, the thrust and weight 
being proportional to wing area. 
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1 Ifa^oaMptlcfi      : :'~''':>% 

'  .   The» la always a deoand fron »Ll-tKe ^Fighting Sörvlöös for ä 
pllctlöBB target aircraft* *0 Veuafti during gu» firing exercises, and it j 

.has been, suggestedthat a (EB^I ö^endaTile tc^gat reraoteiy controlled by••. 
•'"eB^Q-^fo^d-be'wri-'-iiüi'tabl*- than fightsj aircraft specially converted   - 
.for,-*^a work..     High speeds ate demanded, although the target"should 
^p^aae^t-4**-prüa.ont day^ f IßE^r; wß»an0ä\ivrabi3dty» 

•    Tc satiafy-thäse:dej3&nde for a »peta^L.tergot simplified 
oalouiatioha hayo.been nade using either a gas turbine engine or an 
i^pu^ss düofc engine (aiail&r to the engine Used on the Gerraan pllotle&a 

-f-lyihßiöESb, VVl)«     Wing loading and endurance have been token as the 
tnalrT variables and the perxoroanoe of the target airoraft.calculated 
for a range of values- of those variables. - • '.'..-        J 

2 ^othod of Galoulaticn .,.,.,, ...,.'/•• L.-.-   .   =, .-;-. 

, The structure weichthas'been taken throughout aa 25$ of .the all 
•up.weight corresponding to fighter design.      Flaps and undercarriage   -;\ '-•';-' 
have not boon included, since > catapulttafeorpff is reoorimended and .    • r^ 
Taobvory._of the target, is not-a-definite:'reo>lirQi^^^:-rf„the:-tex'get"'' 

7 ia~to" bD^XQa^ooTa^aBtel skid oouldbo fitted.or a parachute, used to•"    . . „^ 
bring it book.to eerth.;:/,. Tta *-, 
to iä»; general design.but the present balrflilfttiohs- are not intended to . 
i«prBaont"Voc^ro)^nBi^^e^si^'but,'only/tc indioate the {general design' 

-aid' perforbahotf«.    .''•'.''*. ; :'-,;\';."• :^    :J
'- ••*•._• ;* •"_.-''"'  \ •••        '.'.**   • ;: .'-'•*•.[, 

i Tfae~airoraft,' apart .frm .structure, consists.of engine; fuel and   • '.' 
vpwtyppls (Including theradio control).. -    The-engine-: data, have beeil   •,; '•-.',- 
'based "on W,1>Ä. gas turbine arid 'German* V*i' itJoulBO duot^dataj;   the'   --,- -,' 

• •ground, .-.level thrua/t refers to "that, at 3Q0 cup.K. -'ai laeawbetwoen---" .J 
.olli|Ain^^'ee^'an^^,.l«vel'spoeä;   .^Por the W.l.A. the;ground level    '".". 
"thrust was taken as; SOp ibv (nc^ficatlon of the .engine to work nearer-'the... 
;eur"ge', linii at ground löve 1 ya^" enHsafiod),,  specific -weight (lb.per lb«     . T 
.thrust), 0.60,, specific fuel oonsunption 1»5 (lb./hr. per Ib^-thrust) •;   b 
Peaj* the 'i£tpuise.,;duot the ground.level; thrust r.-ras'•'706 lb» .specific weight   4' 

T!0."5P, andspecific, fuel obnsu^tion^iP::||lb.-/hr. per lb. thriist)'.  ,  'ÜJho, * ," 
npn-dinonsional dj-ta rtave been used-assujaing that larger cr sballor engines' 

-.could bd .designod tp.thejs,ma efficiencies as the W.1*A." and V.l onginos» 
"The thrust,Tis arfsUtie^d'to vary with height ih'.prcpörtion. to.the air .   . 
density» whicji is unfavourable to the gas turbine, althöugVthis 

/siiaplifiaation is oovered aorJowhftt by-ro-doaigninearer to the surge limit, 
. anji favourable to the h impulse duot. _     ' ,;- •    ' 

The controls, .including radio, have boon acsunied -to weigh 200 lb. 
for an, airoraft of 100 sq.ft. wing area - basod on a Spitfire .inatalla-tioru 

\The ocntrol woighV should .vary roughly-as (wing >j?o_a) 3/2 ,   whilst the 
rodi.0 might is roughly constant*'-   Aa a ccRpromi§e the -total weight of :'.'*'" 

' the..controls and *adio have been 'taken to be proportional to wing area.     ''••- 

.   For'purpose a of en tiriating the aircraft profile -drag it has been. ; ,'• 
assumed that the engine is. Liounted above 'tlie-f^alage (for ease "of-, __ . . V* 
'aerviöing) after the inanner of the Hoinkel 162'(volks;jäger) design. 
This QUg'gestod deaigh does not represent a large iricrüaso in drag over •.•' 
„the design with the engine enclosed in the fuselage because of the need.' 
to reserve a.large 3poce in the fuaoläge for fuel.      The^following drag 
analysis has been U3eoi,:- . ••**—?—«—"   .* 
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11111, Drcc In 1*>' at 100 f t./eoo. for 
100 sq.ft. v»ing area 

Wing loadjlng 
2.0 lb./f*.z 

Wing loading 
«Tib ./ft.« 

Wing loadtM 
60 lb./ft»^ 

Ring,. IO.-J ohord thioknasa 
Fin and lair plane, &£ chord VthiolsneaG 
Engine 
Fuselage 

liLeoenianeous, «a rial si o to. 

Total, drag »     . • 

Drag oooffioiorit 

9"   •'•.' ' 

3* 
2 

9 

7 

•4 .;•• 

£    . 

1°J   '.iä 
3 

20J' ; .25 30 

0.017a; ,0.0210   : 0.0252 

It has been assumed, that the design of. tho W.I»;», engine would 
result in a reduction in overall di«neter.      The sraallcr diameter of thö 
topul30 duot is offset by the largof axtornal drag caused by the intor- 
nittent flow to the engine.     , 

The induood drag hag boon taken to be ICTJ greater than theoretical, 
- JLn accordance with the results of flight tests on Jet propelled aircraft. 

3      ,Rc suite •'--//-. ' i, ••'"•'• 

The results of the calculations aro shown in fig* 1-8.  Tijae 6f 
flight at full throttle, ground lovel,'«nd wing loading hove been taken 
as the variables and. the vbluos of-fuel, thrust -£- wing area, "top 
speed, colling, rate of allnb, and .endurance at 20, 000 .ft. have been 
expressed as functions of these two variables.  The top speed is 
roughly oonstant with' height, oxoopt near the coiling, due to the 
assumption of thrust variation with air density. 

It will' be seen that the use of tho iiapulso duot. engine results 
in a j.iuoh poorer» all round performance than that obtained with tho gas 
turbine engine*.  For instance with a top speed of 500 m.p.h*. and take- 
off wing loading of 40 lb./sq.ft, the onduranoo full thrcttle,_ ground 
level, of the gas turbine design is 0,98 hours acrjparod. with' that of  ,' I 
0.39 -hours for the impulse duot design. .,„'.." 

' The.'.services have reoently expressed-the","desire for a J55°.n»»p»h. 
target having a, iviaxinun endurance of 3» hours".  Using „the ..curves of 
figs. 1-8 for the gas turbine design and taking, a tafco-off wing .loading 
of $0 lb»/sq.ft», top speed 550 n.p.h. and wing area of 50 sq.ft. ws- 
have the following design-data;- ( ,-. , -...'>/..• '^-m 

There is probably no largo difference in the overall cost cf 
targets with the alternative power units as the greater oost of the 
turbine would be offset against-fhe larger fusala^o'reouired^to 
contain the fuel for the ijiipulse engine, i  ,      .< 
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' 'Take-off' speed   '                                 •'•• *~ .         ' 340 B»p,h.   .;     '•' JfjH 
 J .^.._.ü'.'£EoiaidieveI enfljiranoe (full throttle) 1.05 lö»<              :v- 

.'••   20,000 ft. endurance (full throttle) • 1.35 n«s. :•.-.- -?,JMH 
.     •. 20,000 ft. moxiram endurar.se (it 210-B.p.h.) 5.5 toe.              • 4-ääsflH 

...-,_•-...._ - ^THJijf-j^jjd-g; -fuel' Softö—  ;--•',•;-—.—~=---'29 Xb'i/a&M?   . i'-S^M 
Qoillig, absolute :           '__    7.73JHH| W»000 .ft, 

:•.'•..   :      '    Rate'of oils* S300 ft-./a4ni  .   .'-Sfä    .' 
Thrust, ground'leirol'ist• JOO a.pih. -: ''.;..••-' 590 Ik. 

Weight analysis  .' ••.'..'.           ""V    •;                        '••"••'^-- - ..   v   '~%lm 
Structure     : '7 •"-'••    750 13». •   '?« 
Controls   ', •'. :•." '"-.          ;, :,i( j.'>..-'   , ,100 13»., "•".'.'« 

•i. .,,'.' •:• Engine. .'•',-•• •••.               ..SOQ.lb* 7... . ..        • »yj 
"   •     *w>r        7, •-'"'•'  •'     •   15501b-.-.' 7 ,., ij 

... .   airUJ) .v/eiKht .     ,' 75O0Ö lb'.' ,.'   I«H| 
'  '       • '  » ' •• ,.- '•     '. ' • •'-    • ')••.''•' ,•;-.':.•-••. , ' ::'•   i    H 

If this ftirorftft is ihouaht to bo too stall fior-its forget duties.' • "' 
the figure's .quoted'; can'be aoaledup toany deairod' jsi'BO"of' airoraf iv;'        .>1$ 
The oost will, of oourae, rise in proportion-to the1 siBe» 

... ''"''V3^^H 
it-     Oonclu^i^i'     '"        ,t . , •   . -     *   .     • '• 7.':.      ' ?i| 

It haa been shown that, it is possible to design a'target airoraft   •    l>fM 
..to fulfil the Services requirenernta.'    'The production of the airoroft,- ..'•.'' | 

and a suitable gas turbine engine presents ne r.r.jor probiec».    , The, Ohio f./^^HMj 
need.would.be for the development of a suitable remote .control^ ; '.' 
particularly -if it Were 'requirod to land .the airoraft after' .flieht.— '       '~**^I^B| 

Attached;        .   . r        . ..-    .. .';'>y *[.    v ,.-'      '   - 

Jigs, 1-8      -;. DrR. Noa.'1795«.3 -17333.3-     '-    ':   • 
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